Since the thorium tetrachloride complex differed in com position from those formed by uranium and the later actinide tetrachlorides, it was of interest to in vestigate the preparation and properties of protacti nium tetrachloride-DMAcomplexes. On extending this to include protactinium tetrabromide-DMA complexes it became obvious that the actinide tetrabromide-DMA systems were not quite so simple as appeared from our previous results 3 and the thorium and uranium tetrabromide and tetrachloride-DMA systems were therefore re-investigated. We have now found that, depending on the solvent system employed, it is pos sible to prepare actinide tetrabromide-DMA com plexes of the types preparation and some chemical properties of the various tetrachloride and tetrabromide-DMA com plexes, together with details of their infrared spectra and X-ray powder patterns.
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Tetrachloride-NN Dimethylacetamide Complexes
Protactinium tetrachloride reacts with excess NN dimethylacetamide in oxygen-free carbon tetrachlo ride to form the bright-jellow, insoluble 1:3 complex PaCl4'3 D M A . When this compound is allowed to stand under carbon tetrachloride for two to three days dimethylacetamide is lost and the new complex y PaCl4'2 .5 DMA is formed. This complex can also be prepared in an impure state by reacting the tetra chloride with DMA in chloroform and precipitating by the addition of either carbon tetrachloride or cyclohexane. During each of these last reactions par tial oxidation to an insoluble white protactinium (V) compound occurs and the treatment of PaCl4 • 3 DMA with excess carbon tetrachloride undoubtedly consti tutes the most satisfactory route to y PaCl4 • 2.5 DMA. Since it is already known that thorium, uranium and neptunium tetrachloride form the complexes ThCl4 -4 DMA, a UCl4-2.5 DMA, and a N PCl4-2.5 DMA respectively 2 when the tetrachlorides and NN dimethylacetamide are allowed to react in acetone we have studied the reactions in anhydrous carbon tetrachloride in an attempt to prepare 1:3 com plexes analogous to PaCl4 * 3 DMA. However, the products again had the compositions ThCl4'4D M A , UCl4 -2.5 DMA and NpCl4'2.5 DMA. Thus the be haviour of protactinium tetrachloride is intermediate between that of thorium and uranium tetrachloride and the present situation concerning actinide tetrachloride-DMA complexes is shown in Table 1 .
It is, however, interesting to note that UC14 • 2.5 DMA and NpCl4-2.5 DMA prepared by reactions in carbon tetrachloride, crystallise in the /-m odifica tion isostructural with }'-PaCl4 • 2.5 DMA, whereas when recrystallised from acetone they possess a dif ferent structure (a-form ). We have, in addition, ob tained yet another crystallographic form, /?UC14 ' 2.5 DMA, by crystallisation from methyl cyanideacetone mixtures. Both PaCl4-3D M A and yP aC l4 ' aUCl4 • 2.5 DMAa
2.5DMAb
-Te s t . Table 2 for each of these complexes and for ThCl4'4D M A and a-UCl4 2.5 DMA.
PaCl4

Tetrabromide-DMA Com plexes
The actinide tetrabromides (Th to U inclusive) react with NN dimethylacetamide in chloroform and on the addition of carbon tetrachloride to the re sulting solutions complexes of the type MBr4 5 DMA are precipitated. When these 1:5 complexes of pro tactinium and uranium tetrabromide are stored under carbon tetrachloride for two or three days they lose NN dimethylacetamide (cf. PaCl4'3 DMA) to form complexes of the type MBr4'2 .5 DMA (M = Pa and U ) . This conversion can alternatively be ef fected by dissolving the 1 :5 complexes in anhydrous methylene dichloride followed by precipitation with carbon tetrachloride. Under the same sets of con ditions ThBr4'5 DMA does not lose ligand but does undergo a phase change ( a -y ß ) . 2.5DM A and 7 UCl4-2.5 DMA (Table 1) but UBr4-2 .5 DMA possesses a different structure. Details of the powder pattern of the last are given in Table 3 . We have previously reported 3 the existence of the 1 :4 complexes ThBr4'4D M A and UBr4'4 D M A but the results of the present, more thorough investiga tion indicate the above com position for for tuitous. Thus, the crystalline product which precipi tates when UBr4 2.5 DMA is dissolved in acetone-DMA mixtures at room temperature has now been shown to contain acetone and to have the com posi tion UBr4'4 DMA CH3COCH3 . The presence of ace tone has been confirmed both analytically and by exam ining the mass spectrum of the green solid. The same product is obtained impure using the prepara tive conditions described previously3 and the tho rium analogue precipitates slowly when MBr4 • 5 DMA is dissolved in cold acetone. The two complexes are isostructural; the partial X-ray powder diffraction pattern for UBr4'4 D M A -CH3COCH3 is recorded in red spectra of the complexes, very close to the p osi tion for unco-ordinated acetone (17 1 2 cm -1 ) and it would appear that the acetone is held loosely in the lattice. Prolonged pumping of the uranium complex at 10 " and of the thorium complex at 22° ( 10-5 mm Hg) results in a loss of weight but although the me tal and bromine analyses are close to those required fort he 1 :4 complexes, MBr4 '4 DMA, the mass spec trum still shows the presence of acetone. In addition, the 1714 cm -1 peak, although very much weaker, is still present in the infrared spectra of the solids. The X-ray powder diffraction patterns do not change however, and these observations account for the fact that we originally reported the compounds as the simple 1 :4 com plexes3 since the mass spectra of those products were not examined. A re-examination of our original infrared spectra does, however, show the presence of a weak band at 1714 cm -1 . When UBr4 -4 D M A , CH3COCH3 is heated for four to five hours at 60 -7 0° in vacuo the ultimate product is MBr4 -2.5 DMA. Owing to the complex nature of these spectra and the large differences between them and the spectrum of pure NN dim ethylacetam ide2 we have been unable to assign all the bands. The positions of the C = 0 stretching vibrations in the various complexes are listed in Table 7 
During reactions involving thorium tetrabromide
Experim ental
All work with protactinium-231 and neptunium-237, the isotopes used throughout this investigation, was done in glove-boxes on account of the radioactive hazards associated with wreighable amounts of these iso topes. The moisture-sensitive tetrahalide-DMA com plexes of all four elements (Th Np inclusive) were prepared in argon atmosphere boxes (oxygen content < 40 ppm ; water content <C 50 ppm) in wrhich samples were dispensed for analysis, X-ray diffraction, infrared and other investigations reported here.
Materials: The tetrahalides were prepared as pre viously described 3' 9-11 and purified by vacuum subli mation. NN dimethylacetamide and all solvents were distilled before use, de-oxygenated by flushing with argon, and stored over molecular sieves in an argon atmosphere. Individual preparations of the protacti nium (IV) and neptunium (IV) complexes involved 50 -100 milligrams of the respective tetrahalides. Thorium (IV) and uranium (IV) complexes were pre pared in gram amounts. Analytical results are given in Table 8 .
ThCli -4DMA and aiUCli -2.5DMA: These comple xes were prepared as described previously 1' 2 and re crystallised from acetone.
PaCl4-3D M A : Protactinium tetrachloride (0.11 g) was treated with a 4 M solution of NN dimethylacet amide in carbon tetrachloride (1.0 ml) at room tem perature. Frequent grinding and stirring over a period of 12 -24 hours was essential to ensure complete reac tion. The resulting insoluble yellow solid was washed twice with carbon tetrachloride (1 ml) and immediately vacuum dried at room temperature (Yield > 9 0 % ) .
yPaCl^-2.5 DMA: Carbon tetrachloride (1m l) was added to PaCl4-3D M A (0.10 g) and the mixture agi tated at frequent intervals over a period of twelwe hours. The supernatant carbon tetrachloride was then removed and the treatm ent repeated with a further three batches of carbon tetrachloride, following which the bright-yellow solid was vacuum dried at room tem perature (Yield > 90%).
yUCli'2.5 DMA and yNpClt -2.5 DMA: These complexes were prepared in the same manner as PaCl4-3D M A using the same ratio of tetrachloride to DMA/CCI4 solution.
aMBr^-SDMA (M -Th. Pa and U): The respec tive tetrabromides (0.1 to 1 millimole) were dissolved in the appropriate volume of a 4 M solution of NN di methylacetamide in chloroform (0.8 to 8 millimole D M A ). The addition of excess carbon tetrachloride im mediately precipitated an oil which was induced to solidify by prolonged standing and occasional grinding under carbon tetrachloride. After washing with further batches of carbon tetrachloride ( 2 x 5 m l), the result-ing solids were vacuum dried at room tem perature (Yields 8 0 -9 0 % ).
ßThBr4-5 DMA: The a-form of this complex (0.5 g) was dissolved in anhydrous methylene dichloride (5 ml), following which the product was precipitated by the addition of excess carbon tetrachloride (20 ml) (Yield > 80%).
Alternatively, aThBr4 -5D M A (0.5 g) was treated with carbon tetrachloride (3 x 10 ml) as described above for the conversion PaCl4-3 DMA -> PaCl4-2.5 DMA. In each case the insoluble, white product was vacuum dried at room temperature.
ThBr4 ■ 4 DMA • CH3COCH3 and UBr4-4D M A-CH sCOCH3: UBr4-2.5D M A (1.0 g) was dissolved in an acetone: DMA mixture (2:0.36m l) and the crystalline deposit which rapidly formed was filtered, washed with cold acetone ( 5 x 1 ml) and va cuum dried at -25° (10~5 mm H g ). Found: U, 24.69; Br, 33.37; C, 23.65; H, 4.40; N, 5.88%; UBr4 • 4 DMA • CH3COCH3 requires: U, 24.69; Br, 33.15; C, 23.68; H, 4.39; N, 5.81% (Yield 80%). ThBr4-5DM A (0.5 g) was dissolved in acetone (3 ml) and the crystalline product which deposited slowly (2 to 3 days) was washed with acetone ( 2 x 1 ml) and chloroform (2 x 1 ml) and vacuum dried at room tem perature. The product was identified by X-ray powder diffraction analysis.
PaBri -2.5DMA and U B r^^S D M A : These com plexes were prepared by each of the methods de scribed for the conversion a -/3ThBr4 • 5 DMA using PaBr4-5DM A and UBr4 -5D M A as starting materials. The simple, repetitive washing with carbon tetra chloride is the most satisfactory method (Yields > 9 0 % ) . In addition pure UBr4-2.5D M A crystallises when UBr4 • 4 DMA • CH3COCH3 (0.5 g) is dissolved in hot acetone (8 ml) and the resulting solution m ain tained at 44° for three hours. On heating acetone solu tions of UBr4-2.5 DMA or UBr4 -4 DMA CH3COCH3 partial decomposition is always observed.
Analysis
Thorium, protactinium and uranium were weighed as T h 0 2 , P a20 5 and U30 8 respectively after ignition of the hydroxides precipitated from solution by the addition of aqueous ammonia. In certain instances the complexes themselves were ignited directly following the addition of aqueous ammonia. Neptunium was de termined by a-assay of aliquot parts of a solution pre pared by dissolution of the hydroxide in dilute nitric acid. (Specific activity of neptunium-237 = 1.562 x 106 a d is-m in -1 m g-1 .) Halide in the supernatant solutions was determined by potentiometric titration against standard (N/10) silver nitrate solution or weighed as tie silver halide. The small samples of the protactinium (IV) and neptunium (IV) complexes were cooled prior to hydrolysis as described previously for the protacti nium (V) nitrates to prevent loss of halide during this reaction. The black protactinium (IV) hydroxide be came white, due to oxidation to protactinium (V ), when washed with water.
Physical measurements
Infrared spectra were recorded using a H i 1 g e rWatts Infrascan Spectrometer (4,000 -650 cm-1 ) and a Beckman IR 11 (700 -35 cm-1 ) with samples mounted as mulls in Nujol suspended between potassium bromide discs or polythene plates or mounted in wax as described elsewhere 12. X-ray powder diffrac tion photographs were obtained using a DebyeScherrer 19cm camera with CuKa radiation (at = 1.54051 Ä ). Conductivities were measured as described previously 2.
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